Ultrasonic velocity measurements, density measurements and viscometric studies were conducted for the drug buspirone hydrochloride (0.01-0.1 M) at three different concentrations (0.1, 0.05 and 0.025 M) at 298.15 K/1 atm. The buspirone hydrochloride was prepared in aqueous solutions of Cu(II) and Co(II) metal ion. The experimental data were used to determine acoustical parameters, such as isentropic compressibility, intermolecular free length, specific acoustic impedance, relative association, free volume, internal pressure, viscous relaxation time, Gibb's free energy, attenuation coefficient, Rao's constant, and Wada's constant. The viscosity data were analysed using the Jones-Dole equation, and the values of the Falkenhagen coefficient A and Jones-Dole B-coefficient were calculated. The outcomes were expressed in terms of the molecular interactions and the variations in parameters under varying solute concentrations. Concluding remarks regarding intermolecular interactions are provided.
Introduction
Interactions of drugs with macromolecules are physiologically important, especially in blood, membranes, and intra-and extra-cellular fluids. Most biochemical processes occur in aqueous media, and most drugs also present in aqueous solutions [1, 2] . Ultrasonic and viscometric studies of organic, inorganic and bioactive compounds are very useful for understanding the ionic, hydrophilic and hydrophobic interactions in the aqueous phase. They provide information about solute-solute and solute-solvent interactions in the solution phase. Such information can be helpful for predicting the absorption of drugs and drug transport across biological membranes, and it is useful information for pharmaceutical and medicinal chemistry [3] [4] [5] [6] .
Literature survey indicates that buspirone hydrochloride ( Fig. 1 ) is a subject of interest due to its pharmacological and medicinal uses as an anti-anxiety agent. It has a high affinity for Serotonin (5-HT1A) receptors [7] [8] [9] . However, there is no data available on its interaction with aqueous solutions of metal ions such as cobalt and copper chlorides. This prompted us to undertake the present study. This study will help improve the thermodynamic interpretation of molecular interactions involving buspirone hydrochloride with aqueous metal ion solutions. Data for pharmacophores may be quite useful in interpreting the pharmacokinetics and pharmacodyanics of several essential metal ions that are present as electrolytes [10] [11] [12] .
In this paper, densities, viscosities and ultrasonic velocities of ternary systems of buspirone hydrochloride drug (0.01-0.10 M) in aqueous cobalt chloride/copper chloride (0.1, 0.05 and 0.025 M) were measured. From the experimental data obtained, a number of thermodynamic parameters were calculated: isentropic compressibility, intermolecular free length, specific acoustic impedance, relative association, free volume, internal pressure, viscous relaxation time, Gibb's free energy, attenuation coefficient, Rao's constant, Wada's constant, Falkenhagen coefficient A and the Jones-Dole or viscosity B-coefficient. These parameters were used to study various interactions taking place in the aqueous solutions of cobalt chloride/copper chloride and buspirone hydrochloride.
Experimental methods
Buspirone hydrochloride (MW = 422.0 g/mol, Sigma-Aldrich, Ltd.), cobalt chloride (CoCl 2 ·6H 2 O, MW = 237.63 g/mol, Fisher Scientific) and copper chloride (CuCl 2 ·2H 2 O, MW = 170.48 g/mol, Fisher Scientific) were used to prepare the stock solutions. The requisite amounts of metal salts were dissolved in the required volumes of double distilled water to prepare the 0.1, 0.05, and 0.025 M salt solutions. All the materials and reagents were kept in special air-tight bottles. Weight measurements were taken on an electronic digital balance with 0.01 mg accuracy (Digital Balance, Model: Dhona 100 DS). Ultrasonic velocity measurements were collected by using an ultrasonic interferometer (Model M-84, supplied by M/S Mittal Enterprises, New Delhi), at 298.15 K with ±0.1 m s −1 accuracy. Density measurements of the liquid mixtures were collected by using a specific gravity bottle with 25 cm 3 volume, based on a relative measurement method with ±0.01 kg m −3 accuracy. The specific gravity bottle with the test mixture was immersed in a thermostatic bath. Viscosity measurements were collected using an Ostwald's viscometer with 3 × 10 −6 N m −2 s accuracy. The temperature around the viscometer was maintained within a range of ±0.01 K in an electronically operated thermostatic water bath. The instrument was calibrated with double distilled deionised water at the desired temperatures before taking the measurements. The flow times were measured with a stopwatch with 0.1 s resolution, and the average flow times were taken for each series of liquid solutions.
Theoretical aspects
To understand molecular interactions and structural changes, sound velocity and density data can be used to describe various parameters. These parameters have been computed using the following equations [13] . 
Results and discussion
The densities, viscosities and ultrasonic velocities of the aqueous Cu(II) and Co(II) metal ion solutions containing buspirone hydrochloride as a third component were estimated at a temperature 298.15 K. The results are shown in Table 1 Tables 2-4. The u, ρ and η values increase as the concentration of buspirone hydrochloride increases in all of the ternary systems of metal ions that were investigated ( Table 1) . As concentration (M) increases, the medium becomes denser (more packed) due to the increasing number of molecules per unit volume. This causes the compressibility to decrease, and thus the sound velocity increases. This is also supported by the fact that the addition of solute to the solution is interpreted as a structure maker, whereas the decrease in sound velocity is an (existing) structure breaker [2] . Increasing the number of molecules increases the fractional resistance between the layers of medium, which causes the viscosity coefficient to increase as a consequence of associative molecular/ion interactions. The values of ultrasonic velocity and their variation with molarities are very similar in nature for all the mixtures under study [18, 19] . Table 1 Measured value of ultrasonic velocity (u), density (ρ) and viscosity (η) of buspirone with Cu(II) and Co(II) metal ion solution at 298.15 K. The positive changes in ultrasonic velocity with increasing solute concentration suggest possible interactions between buspirone (solute) and the metal salt solution [20] . Buspirone is a large molecule (Fig. 1) , and it has several sites for weaker and stronger interactions. The pharmacophore molecule buspirone in an aqueous solution of Cu(II) and Co(II) metal ions produces greater cohesion (associative effect) into the solution, causing the variation in solute concentration to increase. The increasing molecular associations in solution may be due to favourable/cohesive water (solvent) structural changes. The vacancies/cavities in which water clusters may be occupied by buspirone molecules (solute), which results in the formation of a relatively dense (more packed) structure within metal ion solutions [21, 22] . Density measurements also support the molecular interactions. As the density is increased with increasing solute concentration, the interactions between solvent-solvent and solute-solvent also increase (additively) because the available space for molecules become reduced as a larger number of solute molecules/ions occupy the free space in a unit volume. This represents the structure-forming ability of the solute, which also depends on the solvophobic or solvophilic nature of the solute. To understand and quantitatively measure the structural changes and molecular interactions in solutions, viscosity is also an important parameter. It is influenced to certain extent changes in the existing structure of solvent or solution, which produce variation in velocity and density [13, 23, 24] .
The viscosity data were analysed by using the Jones-Dole equation [25] :
In this equation, η r is the relative viscosity (η/η o ), A is the Falkenhagen coefficient, which represents the ionic interactions, and B is the Jones-Dole coefficient that depends on molecular/ionic size and the nature of solute-solvent, which are calculated from a linear plot of (η r − 1)/c 1/2 versus c 1/2 for buspirone in an aqueous solution of Cu(II) and Co(II) metal ions at 298.15 K, as listed in Table 5 [26, 27] . The Jones-Dole equation usually expresses the variation of η r with concentration, and observed values of the viscosity coefficients support the structure-making behaviour (additive interaction). The A coefficient is either negative or positive, whereas the B coefficient has positive values for all the systems, indicating strong ion solvent interaction that introducing order in the system. This also indicates that metal ions in the systems disturb/reorient the existing solvent structure and form thermodynamically and kinetically more stable arrangements over the whole concentration range [28, 29] .
The values of isentropic compressibility (K s ) decrease with increasing concentration of buspirone in the aqueous solution of Cu(II) and Co(II) ions (Fig. 2) . This may happen due to the accumulation of solvent molecules around the solute molecules (solvation). Similar results for intermolecular free length (L f ) suggest that strong interactions occur between solute and solvent (Fig. 3) . This can be attributed to denser packing of molecules in the system, which causes an increase in ultrasonic velocity and suggests a structure-making situation (additive). The behaviour of acoustic impedance (Z) may be responsible for the propagation of ultrasonic waves. The values of specific acoustic impedance increase with increasing concentration (Fig. 4) , which is quite similar to the trends for ultrasonic velocity. The increase in Z suggests strong solute-solvent interactions through hydrogen bonding [30] . The relative association (R A ) is influenced either by the breaking-up of solvent structures upon addition of solutes or the relative solvation of solutes. The former results are observed as a decreasing trend, and the latter results are observed as an increasing trend in the value of relative association (R A ). The R A values show positive changes with increasing concentration and are slightly greater than one. It may be suggested that the solvation of the solutes predominates over the breaking-up of the solvent structure. At very low concentrations, the observed decreasing trend is due to the breaking up of the solvent structure upon addition of buspirone ( Table 2 ). The increasing values of R A with increasing concentration suggest that solvation of solutes is more dominant over the breaking of the solvent structures (Fig. 5) [31, 32] The values of free volume (V f ) decrease with increasing solute concentration, with slight deviations (Fig. 6) . Higher values of free volume indicate weaker solute-solvent interaction and vice versa. The internal pressure (π i ) values decrease at lower concentration of solutes and increase at higher concentration of solutes (Fig. 7) . The decrease may be due to the loosening of cohesive forces, which leads to the breakdown of solvent structure. The increase suggests the strengthening of cohesive forces, which may be due to the formation of solvent structure. The values of viscous relaxation time (τ) and Gibb's free energy ( G) increase with increasing solute concentration, which shows that the molecular interactions occurring between solute and solvent molecules become stronger (Fig. 8) . The Gibb's free energy ( G) values suggest that denser systems of molecules form due to the H-bonding between molecules in the solutions (Table 3 ). The Rao's constant (R m ), Wada's constant (w) and attenuation coefficient (α) also show increasing trends with increasing solute concentration. This may be due to the presence of more molecules/ions in the same region, which leads to compact packing of the medium, thus increasing the interactions (Table 4) [33] .
Conclusions
A sequential study of ultrasonic velocity, density and viscosity for systems containing buspirone hydrochloride in aqueous solutions of cobalt(II) and copper(II) metal ions has been performed over a large concentration range. The acoustical data provides important information about solute-solvent interactions in solutions. From the experimental findings, different parameters, viz. K s , L f , Z, R A , V f , π i , τ, G, α, R m , w, the Falkenhagen coefficient, A, the Jones-Dole coefficient, and B have been evaluated, and the results indicate the existence of solute-solvent (hydrophilic-ionic group) interactions in these mixtures, which increase with increasing buspirone hydrochloride concentration.
